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(54) NITRIDE SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 



(57) A nitride semiconductor device includes a GaN 
substrate having a single-crystal GaN layer at least on 
its surface and plurality of device-forming layers made 
of nitride semiconductor. The device-forming layer con- 
tacting the GaN substrate has a coefficient of thermal 



expansion smaller than that of GaN, so that a compres- 
sive strain is applied to the device-forming layer. This 
result in prevention of crack forming in the d^ce-form- 
ing layers, and a lifetime characteristics of the nitnde 
semiconductor device is improved. 



Fig.5 
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Description 

Technical Held of the Invention 
[0001] Thisinventionrelatestoadevi^provldedw^ 
a nitride semiconductor (In^Ga,,^ 0Sx ' 
x+yS 1)inc.uding light emitting *ode (LED), ias«r d^e 
ill) or other electronic devices and power deuces. 

M a small cracking in nitride semiconductor layers. 
Ich o^rs in theriitride semiconductor device us.ng 
a GaN substrate. 

Background of the Invention 

100021 Blue LEDs using nitride semiconductors have 
aready been provided for practical use. Reoemly.rtt*- 
comesVssible to provide a practical blue lase. mM. 
made of nitride semiconductor by using a GaN sub- 

Sm The inventors have disdosed a nitride semi- 
conductor laser diode using a GaN substrate ,n, for ex 
Tmple Japanese Journal of Applied Phys.cs. Vol.37 
$8 PP L309-L312. The GaN substrate can _be 
Led, for example, by the following method: A GaN 
alt formed on a sapphire substrate and a protects 
Tmade of Si0 2 is formed 
the GaN film. Then, GaN is grown again on ^™ 
and the sapphire substrate is removed. The secondly 

thata proceeding of dislocations .s P«^; 
this method, a GaN substrate having low dtfocrtcn 
density can be obtained. The nitride sem.conductor la- 
made with such a low dislocatk.rHlens.ty 
^aNsitostrate showed continuous-wave ^^''^f"!^ 
S be operated continuously for more than ten thou- 
sand hours. 



Disclosure of the Invention 

[00041 Tr^nitridesemicomluctorlaserd^tMHe- 
ilo more than tenfhousand hours can be applied for 
pra cticaTTse. However, in some apP«eationsj»uch 
5* l«eume is desired. The inventor, ^examined me 
nitride semiconductor laser device .obtained JW*a 
above-described method and found that extremely 
TJZcks tend to occur in the nitride semiconductor 
CLTrot on the GaN substrate, particularly in the 

GaSsubstrate. The crack is too small to observe by a 

b?afluorescer^miaoscope.^ 
email cracks tend to occur in the GaN layer wh.ch is d.- 
same-composiKon GaN 

Us supposed that the occurrence of small cracksis a 

pacific phenomenon for the GaN subs^te wh,* 

manufactured by the lateral-growth 

i, is also supposed that when a thin-film GaN .s grown 



on a thick GaN substrate, small cracks occur for an un- 
reason, many case, it is probabletto^^^^ 
craTs cause an increase of Matt. *nde d *eno- 

,o Zn*£J« device using a GaN ^^.m- 
tTvmg a reliability of the nitride semiconductor devica 
S^rpose.merumdasamiconductordevncaofme 

p^sant inSn is characterized in ^amonj de- 

wim compressive strain to reduce me small cracks. 
mot] decompressive strain may be achieved by 
Lng a devica-forming layer having 

the GaN substrate. The device-forming layer direcuy 
Simon the GaN substrate is preferably AI.Ga, N 
S3" Because /v a Ga 1<N . <0<a S 1) ^ • 
coefficient of thermal expansion man that ofGaN and 
25 canbe flirown on the GaN substrate as a good crystal- 
!w071 The device structure constructed by me de- 

ploying mis structure together with the cracte reducing 
structure a good-characteristics device is prov-ded. 

GaN substrate, for example AI.Ga 1< N I layer, may play 

3S various kinds of rolls according to the dev.ee structure 
35 vanous wnos ^ |ayef fof pre . 

S5Ssa==sss 
•SS£sss=S. 

SlvlmwnGaN substrate, not only the occurrence of me 
sSl^cks but also a prepagation of dislocations k 
Zen^o. Thus, a nitride semiconductor device having 
45 good characteristics is provided 

?00101 Tr«manu1acturir^mamodofmen.m^sem 

[conductor element of me present invenbon compnses 
the steps of : 
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55 



(a) forming a first nitride semiconductor layer on a 
Substrate made of different matenal fnxn 
nS^micondu^forexamplesapphlreor^C. 

J) forming a smpe-shaped or ««£2*J£ 
odical concave-convex structure on said first nitnde 

nitride semiconductor layer to make a GaN sub- 
strate; and 
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«n forming a second nitride semiconductor layer on 
said GaN substrate, the second nitride semicon- 
ductor layer having a coefficient of thermal expan- 
sion smaller than that of GaN. 



10011] Further, the auxiliary substrate may be re- 
moved from the GaN substrate after forming the single- 
crystal GaN layer. 

,00121 According to the present invention, a thermal 
expansion coefficient of the nitride layer contacting on 
Ssubsfrataispreferablysr^llermanmatofGaN 

so as to provide the compressive strain in the nitrate 
semiconductor layer. The compressive strain prevents 
Son of s J cracks in the nitride semiconductor 
ayers. The reasons why this effect is obtained can be 
. described as follows: For example, when coefficients of 
thermal expansion of Si, GaN and sapphire are e„ 
e, respectively, the relation of e, < < E 3 stands up. 
When GaN is grown on the SiC substrate, cracks are 
liable to occur in the GaN layer. In this case, 1he relation 
of coefficients of thermal expansion is e, < % and a ten- 
sile strain is laid in the in-plane direction on the GaN 
layer grown on the SiC substrate. On the other hand, 
when GaN is grown on the sapphire substrate, cracks 
are not liable to occur in the GaN layer. In this case, the 
relation of coefficients of thermal expansion is ej< €3 and 
a compressive strain is laid in the in-plane direction on 
the GaN layer grown on the sapphire substrate. In short 
the liability of cracks to occur depends on whether the 
strain laid on the layer is a tensile strain or a compres- 
sive strain. When the coefficient of thermal expanson 
of the layer grown on the substrate is smaller itan that 
of the substrate, a compressive strain is laid on the layer 
and formation of cracks can be prevented. 
[00131 When GaNisgrown onthe GaN substrate, nei- 
ther tensile strain nor compressive strain must be la d 
on the grown GaN layer. However, small cracks tend to 
c^our in the grown GaN. It is supposed that, when a n,- 
^ semiconductor layer is grown on a GaN ^subsfrate 
small cracks occurs in the nitride semiconductor layer rf 
the thermal expansion coefficient of the layer is equal 
oTgreater than that of GaN. and that the forrnationof 
the cracks is suppressed rf me mermal expans.cn coef- 
ficient of the layer is smaller than that of GaN and com- 
pressive strain is laid on the layer. 
m014] in this specification, the term "GaN substrate 
refers to a substrate having a low*.slocatiorHtensl* 
sinole<rystal GaN layer on its surface. The GaN sub- 
"ZZ be composed only of a ^« 
teyer, or it may be composed of an auxiliary substrate 
ide of differant material from nitride sem^uctor 
such as sapphire or SIC and a low-dislocatiorHlenstty 
s!Se -crysta. GaN layer formed on the auxiliary sub- 

SSsi The GaN substrate may be manufactured by 
any suitable method, as long as a single-crystal GaN 
foled by the method has low dislocation densMy 
en^ghfor forming electric devices thereon.tt.s prefer- 



able to use a growing method in which a angle-crystel 
GaN teyer is formed via a lateral-growth process. The 
fateratgmwth process suppresses a dislocation propa- 
gato tnto theangle^stal GaN layer, and , , low-ds- 
5 ?ocatiorvdensity GaN substrate is obtained. The term 
-the lateral-growth process" includes any process .n 

^direction but also in a paraile. dfrerton toti-sub- 
strate surface to suppress a propagation of dislocation 

to in the vertical direction. „ Ke<rat A via the 

[00161 For manufacturing the GaN subsfrate vm the 

Eera -srowth. ELOG growth methods as d.sdosed in 
USP09/202. 141, Japanese patent ^^ ub ^ 
tton No Hl -312825. Japanese patent Laid^penPub- 
,5 Son No. H11-340508, Japanese Patent Action 
No H11-37827, Japanese Patent Application No. 
mi.37826 Japanese Patent Application No. 
H11-168079, Japanese Patent Application No 
H 1-218122 and so on may be used, as well as the 
20 method as described in the J.J.AP. wherein GaN is 
grown laterally using SiOj. 

[00171 The GaN obtained according to the ELOG 
orowm method as described In each above-mentioned 
Sections can be a substrate having a low d.sloca- 
» SSSSS such a subsfrate is preferable in vew 
Lracterist.es such as IKetime. The obteined 
ibstratecan be used inthe present invention, resulting 
in much better lifetime property. , riescr|bed 
P0181 Among those methods, the method described 
30 n the Japanese Patent Application No. H1 1 -37827 is 
preferabte. A ntiride semiconductor layer, such as GaN 
or AIGaN is grown on a heterogeneous subsfrate, such 

fcal concave^onvex structure is formed so that a sub- 
35 Suentlygrownsingle^stelGaNteyergro^steteraU 
rThereaftor.asir^le^stelGaNisgrowntoco^rme 
con«ve^onvax structure. By using this method me 
^crystal GaN layer can grow laterally, so ma me 
^paSons of dislocations are prevented land a low- 

substrate composed only of nitride samiconductor I £ 
quired, the singteorystal GaN layer Is grown truck and. 

SS of the nitride semiconductor element .s m- 
„ J2t me concrete example of 

using a laterally grown GaN substrate will be described 
in me following examples. „ rih ^ in 

00201 in me manufacturing method as described « 
^mentioned specifications, me auxihary substrate 
55 is removed after ELOG growth to make a GaN subsfrate 
made only of nitride semiconductor. However the ^aux- 
uL substrate may be left after ELOG growth, and^n 
Ease, me substrate is used asaGaN substrate con- 
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sisting of auxiliary substrate and nitride semiconductor 

Sum When the GaN substrate made of only nitride 
semiconductor is used, an n-electrode can be formed 
on the back surface, which is opposite to the surface on 
which the device structure is formed. This minimizes the 
chip size. Also, when the GaN substrate is made of only 
nitride semiconductors, a good heat radiation charac- 
teristic can be obtained. Further, it becomes easy to 
form a resorption facet by cleavage. In view of device 
characteristics, the device structure is pref erablyformed 
on the surface opposite to the surface from wruch the 
auxiliary substrate is removed. 
[00221 On the other hand, when the GaN substrate 
comprising a heterogeneous substrate and nitride sem- 
iconductor layers is used, the breakage and chippmg of 
the wafer can be prevented, with the result that good 
handling propertiescan be achieved. Moreover, the step 
of removing the auxiliary substrate can be eliminated 
and the manufacturing timeis shortened. Even when the 
GaN substrate comprises a heterogeneous substrate, if 
the substrate is electrically conductive, the n-electrode 
can be formed on the back surface of the substrate. 
[00231 Before forming the nitride semiconductor hav- 
ing a smaller coefficient of thermal expansion on the 
GaN substrate, the surface of the GaN substrate may 
be etched. Because the surface of the GaN substrate 
may become uneven during the manufactunng process, 
it is preferable to grow the nitride semiconductor after 
the surface of the GaN substrate is made smooth by 
etching. This treatment further suppresses the occumng 
of the small cracks. 

Brief Description of the Drawing 
[00241 



Fig 1 is a schematic sectional view showing the 
manufacturing process of the GaN substrate. 
Fig 2 is a schematic sectional view showing the 
manufacturing process of the GaN substrate follow- 
ing the process shown in Fig. 1 . 
Fia 3 is a schematic sectional view showing the 
manufacturing process of the GaN substrate follow- 
ing the process shown in Fig. 2. 
Fig 4 is a schematic sectional view showing the 
manufacturing process of the GaN substrate follow- 
ing the process shown in Fig. 3. 
Fig 5 is a schematic sectional view of the nitnde 
semiconductor laser device according to an embod- 
iment of the present invention. 
Figs. 6A to 6F are a partially sectional view showing 
the process for forming a ridge stripe. 

Detailed Description of Preferred Embodiments 

100251 Fig. 5 is a schematic sectional view of the ni- 
tride semiconductor device according to the present in 



vention. Device-forming layers 1-10 is formed to ^con- 
struct a semiconductor laser device on a GaN substrate 
30. The device-terming layer 1 which is fonta^g on 
the GaN substrate 30 has a smaller coeffiaent of ther- 
5 mal expansion than that of GaN, so that a compressive 
Xin islaid on the device-forming layer 1 to suppress 
the occurrence of the small cracks. 
[00261 According to the present invention, any nitride 
^conductor having a coefficient of 
,o slon smaller^ mat m GaN can be employedas me 

material for the nitride semiconductor layer which* 
arown on the GaN substrate. However, it is preferable 
Lt the nitride semiconductor material does not haye 
such a composition as spoils crystallinity. For example. 
15 Al Ga^N, (0 < a S 1) is preferable. More preferably, 
£> m£ of a is 0<a<0.3 and most preferably, the value 
of a is 0<a<0. 1 . The nitride semiconductor having such 
a composition is preferable to prevent small cracks and 

.SftCSS* substrate may be 
etched before the nitride semiconductor layer having a 
small coefficient of thermal expansion is formed I o r, , the 
GaN substrate. Since the surface of the GaN may be 
uneven, depending on the manufacturing process of the 
25 GaN substrate, it is preferable to form the nWe^ 
conductor layer having a small coeffiaent of thermal ex- 
pansion after the surface of the GaN substr ate is made 
smooth byetching,inviewof prevention of smallcracks. 

[0028J Thethicknessof the nitride semiconductor lay- 
so er groL directly on the GaN substrate is "°« d ° 
a specific value. But the thickness .s preferably not less 
tharTl urn and more preferably, is in a range from 3 to 
1 0 um. Such a thickness is preferable in view of preven- 
tion of small cracks. 
35 [0029J Thedevice-forminglayerdirectlygrownonthe 

GaN substrate may be a various kindsof * u ***^^'f*^ 
in the device, which function depends on the dev.ee 
structured thickness of the ^vice-forra.ng teyer 1.s 
controlled adequately accoroir«toiteforK*onw^n the 

device shown in Figure 5, the device-forming layer 1 
functions asan-type contact 'aver togeth^* the de- 
vice-formlng layer 2, on which an r^tectiode 21.S 
formed. An rvdadding layer 4 containing Al, an active 
45 layer 6 containing InGaN and a padding layer 9 * 
forrn6 d thereon to construct a semiconductor laser de- 
vice 

[00301 If the GaN substrate 30 is an electrically con- 
"uctive one such as, for example, a substrate having a 
so sLe^rystal GaN layer formed on SiC or a substrate 
S5SJ of tingte^rysta. « J^- * 
may be formed on the back surface of the GaN sub- 
strate. inthiscase.thedevice-forminglayer 1 contacting 
on the GaN substrate may be a cladding layer for en- 

55 closing light. . ^ 

[00311 When growing the device-forming layer 1 on 
the GaN substrate, the device-forming layer 1 may be 
doped with an impurity. Such an impurity may be either 
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n-type or p-type. The amount of the doped impurity is 
controlled depending on the functional the nitride sem- 
iconductor layer, such as a cladding layer or a contact 

MOM] in the nitride semiconductor device shown in 
Fig.5, an undoped n-type AI.Ga^N contact layer 1 .s 
formed as the device-forming layer 1 and an n-type 
AI.Ga, a N contact layer 2 is formed thereon. The .growth 
of n-type AI.Ga^N contact layer 2 on undoped n-type 
Al Ga.jN is preferable in view of preventing of small 
cracks and improving crystallinity. In this case the un- 
doped ALGa^N layer 1 also functions as a buffer layer 
and the like. The thickness of the undoped n-type 
Al.Ga.^N layer is preferably several nm. 
[0033 In the case that the n-electrode 21 .s formed 
directly on the device-forming layer 1 . the nitride semi- 
conductor layer doped with an n-type impurity (prefera- 
bly. Si) is grown on the GaN substrate 30 as the dev.ce- 
forming layer 1. The amount of the doped I n-*pe jmpu- 
rity is preferably in a range from 1 x 10' W to 5 x 
10"Vcm 3 The thickness of the device-forming layer 1 
which solely functions as an n-type contact layer is pref- 
erably in a range of 1 to 10 urn. The thickness in such 
a range is preferable to prevent small cracks and can 
make the nitride semiconductor layer function as an re- 
type contact layer. 

{00341 The GaN substrate may be either a substrate 
made only of nitride semiconductor or a substrate com- 
prising an auxiliary substrate and nitride semiconductor 
layers. The GaN substrate is preferably ™nufectured 
through the lateral-growth process. The use of the GaN 
substrate manufactured through the lateral-growth 
process suppresses a generation of dislocations in me 
device-forming layers 1-10 and improves the device 
characteristics. 

[00351 For example, the GaN substrate 30 may be 
manufactured as described below. First, a nitride semi- 
cTIctor layer 12 such as a GaN or AIGaN layer . 
formed on an auxiliary substrate 11 made of different 
material form nitride semiconductor via an adequate 
buffer layer. The auxiliary substrate is, for example a 
sapphire, a SiC or a spinel. As shown in Fig.2. a penod- 
ical stripe-shaped or island-shaped concave-convex 
structure is formed on the surface of the nitride semi- 
conductor layer 12 so that a single^rystal GaN layer 
which is subsequently grown thereon grows in the hor- 
izontal direction. The stripe-shaped or island-shaped 
concave-convex structure may be formed so as to leave 
semiconductor layer 12 as shown in F.g.2. Alternately, 
the concave-convex structure may be formed so as to 
penetrate the nitride layer 12 and remove a part of the 
auxiliary substrate 11. Forming concave-convex sfruc 
ture in such a depth as removing the part of the auxiliary 
substrate 11, a distortion of crystal is suppressed at a 
point that the single-crystal GaN laterally grown from the 
convex part meets with each other. This improves the 
crystallinity of the single^rystal GaN. As a ^er alter- 
native the nitride semiconductor 1 2 may has a twc-layer 



structure of GaN-on-AIGaN, in which concave-convex 
structure is formed in such a depth that a part of the 
AIGaN is removed. Next as shown in Fig. 3 and Fig. 4, 
a single-crystal GaN 13 is grown overthe concave-con- 
5 vex structure of the nitride semiconductor layer 12. In 
this manner, a GaN substrate comprising nitnde semi- 
conductor layers and an auxiliary substrate is obtained 
,f a GaN substrate made only of nitride semiconductor 
is required, the single-crystal GaN layer is grown thick 
,o b y >rexample,aHVPEmetrodar«l,then,meaux.l.ary 
substrate 11 such as a sapphire substrate is removed 
[00361 When the auxiliary substrate 11 is left in the 
GaN substrate 30, the thickness of the nitride semicon- 
ductor part of the GaN substrate is preferably not mora 
,5 than 100nm. more preferably not more than 50 pm and 
most preferably, not mora than 20 urn The low* tamrt 
of me thickness may be any value as long^ as the pro- 
tective film or the unevenness is covered by ELOG 
grown GaN to decrease dislocations. For example, the 
20 Tower limit of me thickness is not less than several urn 
When me thickness is within the range, not only -dislo- 
cations can be decreased, but also, the warp of me wa- 
fer due to the difference in coefficients of thermal expan- 
sion between me auxiliary substrate and me nitride senv 
25 iconductorcan be prevented, with me result^ toe de- 
vice structure can be grown well on me GaN substrate 
[00371 When me auxiliary substrate 11 is ^ removed 
from me GaN substrate 30, me thickness of the GaN 
substrate made only of nitride semiconductor is not I.m- 
30 ited to a specific value in me present invention. But the 
tbickness* preferably in a range of 50 to 500 ^ and 
more preferably, in a range of 100 to 300 pm. When the 
thickness of the GaN substrate is within the above-men- 
tioned range, me dislocations can be decreased and me 

35 mechanical strength can be held. 4tKocirw 
[00381 In order to improve me crystallinity of the sin- 
gle-crystal GaN in the substrate, another manuf actunng 
S as described below may be employed. First, as 
well as in the above-mentioned method, concave-oon- 
« ia^resareformedinanimdesemiconductorlay- 
er 12 grown on an auxiliary substrate 11 and a singte- 
crystal GaN layer 13 is formed thickly thereon by jhe 
method of HVPE (First growth f «ngle^ystal^ 3aNV 
Subsequently, a mask made of, for example. S.0 2 is 
« forr^onmesingkM^tolGaN ^ 
likeorislandfikestape periodical^ 
GaN layer is laterally grown over the mask by the CVD 
method (Second growth of single^rysta. GaNV K me 
auxiliary substrate 11 must be removed the ^removal 
so prccedureispreferawydc^aft^ 

single-crystal GaN 13. It Is preferable that the surface 
oTmTfirafiy grown single-crystal GaN 13 fcu made 
smooth by etching before me second growth of me s.n- 

55 K^wSme first growth of me single-crystal GaN 
n which the concave-convex structure is made and the 
GaN,sgrownbymeHVPEmemod.am,cks,ngle : crys- 

tai GaN layer is easily obtained. However, this single- 
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crystal GaN layer is apt to have voids near the concave 
structure and have an insufficient crystallinity. The sec- 
ond growth of the single-crystal GaN layer by the 
MOCVD method using the Si0 2 mask provides a single- 
crystal GaN layer having better crystallinity. 
[00401 When the auxiliary substrate 11 is removed 
from the GaN 30, the GaN substrate tends to be warped 
a little. This indicates that the surface of the GaN layer 
from which the auxiliarysubstrate is removed .sdtfferent 
in physical properties from the grown surface of the GaN 
layer. The problem of occurring small cracks may be 
caused by the difference in physical propert.es of the 
surfaces. In any case, growing a layer having a small 
coefficient of thermal expansion, for example 
Al Ga. N on a GaN substrate, small cracks are pre- 
vented and semiconductor device having good crysta- 
linity is obtained. 

[00411 According to the present .nvenaon. the small 
cracks are prevented by the compressive strain laid on 
the device-forming layer contacting the GaN substrate. 
This advantage is obtained in any kind of device. How- 
ever the device is preferably a light-emitting device 
comprising a n-type cladding layer containing Al, an ac- 
tive layer containing InGaN and a p-type cladding layer 
containing Al. Taking this device structure, with the ef- 
fect of the prevention of crack forming, a good charac- 
teristics device is obtained . For forming the device-form- 
ing layer, every method to grow nitride semiconductors 
which is known, such as MOVPE(metal-organic vapor- 
phase epitaxy). MOCVD(metal-organic chemical vapor 
deposition), HVPE(halide vapor-phase epitaxy). MB-E 
(molecular beam epitaxy) and the like, can be used. 
[00421 Examples of the present invention will be de- 
scribed below. However, the present invention is not to 
. be limited to the examples. 

Example 1 

[0043] In Example 1 , the nitride semiconductor laser 
device as shown in Fig. 5 was manufactured. 

(Manufacturing method of the GaN substrate) 

[0044] The GaN substrate was manufactured accord- 
ing to each step as shown in Figs. 1 to 4. 
[00451 Asapphireeubstratelloftwc-inchindiameter 
having its principal surface represented by a C-face and 
an orientation flat face represented by an Mace was 
set in the reactor and the temperature was adjusted to 
510 *C. A buffer layer (not shown) made of GaN which 
has a thickness of about 200 angstroms was growni us- 
ing hydrogen as a carrier gas and ammonia and TMG 
(trimethylgallium) as a source of GaN on the sapph.re 

[OM^After growing the buffer layer, only ™ G was 
stopped and the temperature was increased to 1050 c. 
At 1050»C using ammonia and TMG as a source of 
GaN, a first nitride semiconductor layer 12 made of un- 



doped GaN was grown to the thickness of 2 pm (F.g.1) . 
[0047] After growing a first nitride senViconductorlay- 
er 12, a photo-mask having stripes was formed. Then 
the SiO, film which was patterned to have a stnpe wuMh 
s (the upper part of the convex portion) of 5 pm and a 
stripe distance (the bottom part of the concave ; porfron) 
of IS pm was formed with a sputtering apparatus. Sub- 
sequently, the first nitride semiconductor ayer 12 on 
^ch the Si0 2 film was not formed was etched with a 
10 rie apparatus to the extent that the nitride semiconduc- 
tor 12 remained, so as to form a concave-convex struc- 
ture. Thereby, the first nitride semiconductor 12 was ex- 
posed on the side face of the concave portion (Rg.2)^ 
After the concave-convex structure was formed as 
,5 showninFig.2,Si0 2 wasremovedfn,mtheup^rpart 

of the convex portion. The stripe was formed in the di- 
rection perpendicular to the orientation flat face. 
P048] Next toe wafer was set in the reactor ^and at 
1050-C, a second nitride semiconductor layer 13 made 
*o ofundopedGaNwasgrowntomemicknessofaboLrt 
320 pm using TMG and ammonia as a source of GaN 

ra049] 8r Afte 9 r'me second nitride semiconductor layer 
13wasgrown. the waferwas removed outof the reactor 
» so as to obtain a GaN substrate 30 made of undoped 
GaN The sapphire substrate was removed from the re- 
sulting GaN substrate 30 and the device structure as 
described below was grown on the growth surface op- 
posite to the removal surface, as shown in Flg.5. The 
30 Wckness of me substrate made of GaN was about 300 
pm. 
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(undoped n-type contact layer 1 : AI.Ga^N of the 
present invention) 

[00501 An undoped n-type contact layer 1 made of un- 
doped Al^ao^ was grown to the thickness of 1pm 

SS OK 30, using TMA W» 

um),TMGandammoniagasasasourcegasat1050 C. 

(n-type contact layer 2 : Al.Ga^N of me present 
invention) 

(0051] Next, atthe sametemperato^a^^con- 
45 tact layer 2 made of Alo.05Gao.95N doped with S. to 3 X 
101 W was grown to the thickness of 3 pm, using 
TMA. TMG and ammonia gas as a source gas and a 
silane gas (SIH4) as an impurity gas. 
[0052] NUmeroweronosmallcmcksinmeabove- 

«, mentioned n-type contact layer 
contact layer 1). thus the cracks 
If there are any small cracks in tha GaN substra ^the 
small cracks can be prevented from propagator^ by 
growing me n-type nitride semiconductor layer 2. so as 

« Tgrow a device structure having a good crystalling 
The crystallinity was enhanced better in the case that 
both an n-type contact layer 2 and an undoped n-type 
contact layeM are formed as described above, com- 
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pared with the case that only the n-type contact layer 2 
was formed. 

(crack preventing layer 3) 

[0053] Next, the temperature was decreased to 
800°C A crack preventing layer 3 made of lno. M Gao.9 2 N 
doped with Si to 5 x 101 W was grown to the thick- 
ness of 0.15pm, using TMG. TMI (trimethyiindium) and 
ammonia gas as a source gas and a silane gas as an 
impurity gas. 



(p-type waveguide layer 8) 



(n-type cladding layer 4) 

[00541 Next at 1050-C. A layer made of undoped 
Al„ uGaassN was grown to the thickness of 25 ang- 
stroms using TMA, TMG and ammonia as a source gas^ 
Subsequently. TMA was stopped and B layer made of 
GaN doped with Si to 5 x 10'W was grown to the 
thickness of 25 angstroms, using a silane gas as an im- 
purity gas. These operations were repeated 160 times, 
respectively to laminate A layers and B layers to grow 
an n-type cladding layer 4 of multi-layered film (of a su- 
per lattice structure) with a total thickness of 8000 ang- 
stroms. 

(n-type waveguide layer 5) 

[00551 Next, at the same temperature, an n-type 
waveguide layer made of undoped GaN was grown to 
the thickness of 0.075 pm using TMG and ammonia as 
a source gas. 

(active layer 6) 

[0056] Next, at 800°C, a barrier layer made of 
ln„ cGa. M N doped with Si to 5 x 101 W was grown 
to the thickness of 100 angstroms using TMI, TMG and 
ammonia as a source gas and silane gas as an impurity 
gas Subsequently, the silane gas was stopped and an 
well layer made, of undoped ln 0 . 11 Ga 0 . 89 N was grown 
to the thickness of 50 angstroms. The operation was 
three times and finally, a barrier layer was laminated, 
with the result that the active layer 6 in the multiple quan- 
tum well structure (MOW) having a total thickness of 550 
angstroms was obtained. 



[0058] Next, at 1050 °C, a p-type waveguide layer 8 
made of undoped GaN was grown to the thickness of 
s 0 075 urn using TMG and ammonia as a source gas. 
[0059] This p-type guide layer 8 was an undoped one 
but due to the diffusion of Mg from the p-type ^electron 
conf.ninglayer7.theconcentrationof MgwasSX 10 / 

aifi, resulting in showing a p-type conductivity. 

10 

(p-type cladding layer 9) 

[0060] Next, at the same temperature, A layer made 
of undoped Alo,Gao. 9 N was grown to the thickness of 
« 25 angstroms using TMA, TMG and ammoma as a 
source gas. Subsequently, TMA was stopped and B lay- 
of GaN doped with Mg to 5 x 10' W was 
grown to the thickness of 25 angstroms, using CpjMg 
las as an impurity gas. Each of these operatonsjvas 
2 o repeated 100 times to laminate A layers and B layers to 
grow a p-type cladding layer 9 of multi-layered film (of 
a super lattice structure) with a total thickness of 5000 
angstroms. 



(p-type electron confining layer 7) 
[00571 Next at tr» same temperature, a p-type elec- 
tron confining layer 7 made of Al 0 ^Ga 0 . 6 N doped , wrth 
Mg to 1 x 10 1 W was grown to the thickness of 100 
angstroms using TMA TMG and ammonia as a source 
gas and CpjMg (cyclopentadienylmagnesium) as an im- 
purity gas. 



25 (p-type contact layer 10) 

[00611 Next, at the same temperature, a p-type con- 
tact layer 10 made of GaN doped with Mg to 1 X ltf»/ 
cm3 was grown to the thickness of 150 angstroms, using 
30 TMG and ammonia as a source gas and CpjMg gas as 

[0 n 0Ml Un After S the reaction was completed, the wafer 
was annealed at 700°C in nitrogen atmosphere within 
the reactor, so as to make the p-type layers less resis- 

35 tlV© 

[0063] After annealing, the wafer was removed out of 
the reactor. A protective film of SiO, was formed on the 

permost layer and etching was conducted by S.CU wrth 
<o RIE (reactive ion etching) apparatus, to expose the sur- 
face of the n-side contact layer 2 on which an n-elec- 
trode was to be formed, as shown in Fig. 5. 
[0064] Nextassr«wninFig.6Aaf.rstprotecfivefilm 
61 made of Si oxide (mainly. SIC,) was formed to the 
« thickness of 0.5 pm on the almost entire surface of the 
5pa^stp-sidecontact.ayer10withPVDapparatus. 

Rafter a mask of a predetermined shape was 
JSTn 'me firet protect film 61 and a third protec- 
Sve film 63 made of photo resist having a stnpe width of 
so 1 .8 pm and a thickness of 1 pm was formed 

[00651 Next as shown in Fig. 6B. after the third pro- 
tective film 63 was formed, said first protective film was 
etched with CF 4 gas to have a stripe structure using the 
third protective film 63 as a mask. Thereafter only the 
55 photoresistwasremovedbythetreatmentwimane^- 
anttoformaf.ratprotertivefilm61tavingastnpew.dm 
of 1.8 pm on the p-side contact layer 10. as shown in 
Fig.6C. 
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[00661 Further, as shown in Fig. 6D. after forming the 
first protective film 61 of a stripe geometry, the p-side 
contact layer 10 and the p-side cladding layer 9 were 
againetched using SiCUgas with theRIEtofomiandge 

stripe having a stripe width of 1 .8 urn. 
[00671 After formation of the ridge stripe, the wafer 
was transferred into the PVD apparatus, and as shown 
in Fig 6E. a second protective film 62 made of Zr ox.de 
(mainly Zr0 2 ) was formed to the thickness of 0.5 pm 
continuously on the first protective film 61 and on the p- 
side cladding layer 9 which had been exposed by etch- 
ing When the Zr oxide was formed in this way. the in- 
sulation of p-n surface can be established and the trans- 
verse mode can be stabilized. 
[00681 Next,thewaferwassoakedinhydrofluoncacid 
and as shown in Fig. 6F. the first protective film 61 was 
removed using a lift-off method. 
[0069] Next, as shown In Fig. 5, a p-electrode 20 
made of Ni/Au was formed on the surface of the p-s.de 
contact layer 10 which was exposed by removing the 
first protective film 61 on said p-side contact layer. The 
p-electrode 20 had a stripe width of 100 ixm and was 
formed in a mannerto extend over the second protective 
film, as shown in this drawing. 
[00701 After the second protective film 62 was formed, 
as shown in Fig. 5, an n-electrode 21 made of Ti/Al was 
formed parallel to the stripe on the exposed n-side con- 
tact layer. . 
[00711 The GaN substrate of the resulting wafer on 
which an n-electrode and a p-electrode were formed in 
the above-mentioned manner was polished to the thick- 
ness of about 100 (im. Thereafter, the wafer was 
cleaved into bars perpendicularly with respect to the 
stripe electrode from the substrate to fabricate a reso- 
nator on the cleaved facet (11-00 face, which corre- 
sponds to the side face of the crystal having a hexagonal 
pole structure = M face). A dielectric multi-layered film 
made of Si0 2 and Ti0 2 was formed on the facet of the 
resonator and finally, the bar was cut parallel to the p- 
electrode, resulting in a laser device as shown in Fig. 5. 
The length of the resonator is preferably controlled with- 
in the range of 300 to 500 jim. 
[00721 The resulting laser device was set on the heat 
sink and each electrode was connected by wire-bond- 
ing The laser oscillation was tried at room temperature^ 
100731 The continuous oscillation at a wavelength of 
500 nm was observed at the threshold current density 
of 2 5 kA/cm2 and the threshold voltage of 5V at room 
temperature. The lifetime was ten thousand hours or 
longer at room temperature. 

Example 2 

[00741 The laser device was fabricated in the same 
manner as in Example 1, except that »he undopedn- 
type contact layer 1 was not grown and only the n-type 
contact layer 2 was grown. 

[00751 The resulting device had a crystallinity which 



was a little worse than that in Example 1. But smaH 
cracks could be prevented almost like in Example 1 and 
good device characteristics could be achieved. 

5 Example 3 

[00761 The laser device was fabricated in the same 
manner as in Example 1, except that me rabo of* m 
Z undoped n-type contact layer 1 and m Moprt rv 
to type contact layer 2 was changed from 0.05 to 0.2 
[00771 The resulting device showed good result al- 
most like in Example 1. 



Example 4 



[0078J The laser device was fabricated in the same 
manner as In Example 1, except that the rafio ofW ^ 
L undoped n-type contact layer 1 andth* . SMtoped n- 
type contact layer 2 was changed from 0.05to0.5_ 
20 $079] The resulting device had a crystallinity which 

las a little worse man that in Example 1 because the 
ratioofAlwaslamermaninExamplel.Butsmallcracks 

could be prevented almost like in Example 1 and good 
device characteristics could be achieved. 

25 

Example 5 

[00801 The laser device was fabricated in the same 
Liner as in Example 1, except that the undoped n- 
30 typecontactlayerl and the Si-doped n-type contact lay- 
er 2 were made of AIN. 

[00811 The resulting device had a crystallinity whu* 
was a little worse than that in Example 1 ^ use *° 
ratio of Al in me n-type contact layer 1 and the n-type 
35 contact layer was larger man in Example 1. But smaH 
Sackscould be prevented almostlikein Example 1 and 
Ts tong a lifetime as in Example 1 could be achieved. 



40 



Example 6 

[00821 The laser device was fabricated in the same 
LnUs in Example 1, except matmesecor^ nimde 
wmicor^uctorlShadamicknessoflSiimandmesap- 
^re substrate was not removed. The obtainedGaN 
<5 substrate comprised me auxiliary substrate and the n.- 
tride semiconductor. 

[00831 Tr^resulfingiaserdevicetendedmtovealrt- 
Z large warp, compared with in Example 1, but small 
craS could be prevented like in Example 1. Since the 
so taserdevlceofExampleehadanisolatingsapphiresub- 
S5,. the heat radiaSon property of the device was a 
little bad, compared with in Example 1. But as long a 
lifetime as in Example 1 could be achieved. 
00841 While the preferred form of me present .nven- 
55 tion has been described in detail with me reference of 
the accompanyingdrawings, various^ 
ifications will be apparent to those skilled in me art It is 
«o be understood mat the appended claims cover all 
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< „ *4K*irk «k» tn .p 8 The method of manufacturing a nitride semiconduc- 
such changes and modifications as fall within the true 8. ™^ t0 ^ todBlm7( whereinsaid auxiliary 
spirit arid scope of the invention. substrate is removed after forming said single-crys- 



tal GaN layer to make GaN substrate. 



Claims 

1 A nitride semiconductor device comprising a GaN 
substrate having a single-crystal GaN layer at least 
on its surface and plurality of device-forming layers 
made of nitride semiconductor and formed on said 
GaN substrate, 

wherein a compressive strain is applied to 
said device-forming layer which is contacting said 
GaN substrate. 

2 The nitride semiconductor device according to 
daim 1 , wherein said device-forming layer contact- 
ing said GaN substrate has a coefficient of thermal 
expansion smaller than that of GaN. 

3 The nitride semiconductor device according to 
claim 1 , wherein said device-forming layer contact- 
ing said GaN substrate is made of Al^a^N, (0< 
a*1). 

4 The nitride semiconductor device according to 
claim 3 wherein said device-forming layers include 
an n-type cladding layer containing Al, an active lay- 
er containing InGaN and a p-type cladding layer 
containing Al. 

5. The nitride semiconductor device according to 
claim 4, wherein said device-forming layer made of 
Al a Ga^N functions as an n-type contact layer. 

6 The nitride semiconductor device according to 
claim 1, wherein said single-crystal GaN layer is 
formed through lateral-growth process. 

7 A method of manufacturing a nitride semiconductor 
device which includes a GaN substrate having a 
single-crystal GaN layer at least on its surface and 
plurality of device-forming layers made of nitride 
semiconductorformed on said GaN layer, compos- 
ing the steps of; 

forming a first nitride semiconductor layer on a 
auxiliary substrate made of different material 
from nitride semiconductor; 
forming a stripe-shaped or island-shaped peri- 
odical concave-convex structure on said first 
nitride semiconductor layer; 
forming a single-crystal GaN layer to make a 
GaN substrate; and 

forming a second nitride semiconductor layer 
on said GaN substrate, the second nitride sem- 
iconductor layer having a coefficient of thermal 
expansion smaller than that of GaN. 
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